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ABSTRACT
The relationships among dry matter yield, consumption, chemical 
components, in-vitro, and in-vivo digestibility and animal performance, 
were determined using dallisgrass, bahiagrass and Coastal bermudagrass 
under grazing conditions in Southwest Louisiana.
Ten yearling steers per grass and two plots of each grass were 
provided to rotate the steers within the same grass every 14 days. The 
grass forage consumed was the only source of food utilized by the steers.
Forage samples representing 14 days of growth were collected 
from ungrazed plots, just prior to the time the steers were placed on 
the plots. Forage yield samples representing 28 days of growth, with 14 
days of grazing were collected from protected (caged) areas and grazed 
plots, from April to September in 1968 and 1969.
Coastal bermudagrass and bahiagrass produced significantly 
(P .01) higher yields than dallisgrass in 1968 and 1969. Coastal 
bermudagrass produced 8.7 metric Tn/ha. in 1968 and 9.2 metric Tn/ha. 
in 1969, bahiagrass produced 9.4 and 8.1, respectively and dallisgrass 
6.6 and 5.9 metric Tn/ha. in 1968 and 1969, respectively. Dallisgrass 
produced higher yields early in the summer, while Coastal bermudagrass 
and bahiagrass yielded more later in the growing season.
Total consumption determined by the cage-difference method, and 
daily intake per steer were not significantly different among grasses. 
Estimates of consumption were subject to erratic variation due to 
irregular growth of the grasses caused by selective animal grazing.
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However, on the average, this method satisfactorily estimated average 
daily intake per steer, 5.5 Kg. for dallisgrass, 6.3 Kg. for bahiagrass 
and 6.2 Kg. for Coastal bermudagrass.
Dallisgrass had the highest protein content (P <  .01) and the 
lowest crude fiber content (P < .01) of the three grasses (12.0 and
26.3 percent, respectively) indicating that dallisgrass produced a 
significantly higher quality forage than bahiagrass and Coastal bermuda­
grass.
Samples from ungrazed plots were significantly higher in protein 
and lower in fiber than samples from caged areas or grazed plots.
In-vitro digestibility determinations indicated that Coastal 
bermudagrass dry matter, 64.9 percent, was significantly higher (P<.01) 
than the digestibility of dallisgrass, 58.3 percent, and bahiagrass 
56.8 percent. Dallisgrass produced the highest average daily gain 
(0.35 Kg.), suggesting that under the conditions of this experiment, 
crude protein and crude fiber were better measures of forage quality 
than in-vitro digestibility when related to animal performance.
Cellulose digestibility of Coastal bermudagrass, 66.8 percent 
was higher (P<.01) than bahiagrass, 59.7 percent and dallisgrass,
59.3 percent.
Dallisgrass produced the largest average daily gain, 0.32 Kg. 
in 1968, and 0.39 Kg. in 1969. Bahiagrass produced gains of 0.29 Kg. 
in 1968 and 0.38 Kg. in 1969, and Coastal bermudagrass, 0.21 Kg. in 
1968 and 0.33 Kg. in 1969. Dallisgrass had the highest protein and 
lowest fiber content which may partially explain the better gains
xiii
obtained from this grass.
In-vivo digestion trials, using fresh cut forage showed that 
the in-vivo dry matter digestibility of dallisgrass was 69.2 percent, 
bahiagrass, 65.6 percent, and Coastal bermudagrass, 60.4 percent. A 
non-significant correlation between in-vivo and in-vitro digestibilities 
indicated that under the conditions of this study, the in-vitro diges­
tion technique was not a reliable predictor of forage quality.
A highly significant correlation (r=0.85, P <.01) was obtained 
between crude protein and in-vivo digestibility, and a significant 
negative correlation (r=-0.61, P <  .05) between crude fiber and in-vivo 
digestibility. These results agree with results from the grazing 
study in which chemical components were better indicators of animal 
productivity than the in-vitro digestibility.
Approximately 25 percent digestion of lignin was obtained in 
June for all three grasses. In September however, lignin from dallis­
grass was only 6,0 percent digestible, and it was completely undigestible 
in bahiagrass and Coastal bermudagrass, which indicates that these 




The evaluation of yield and quality of pasture forages has been 
of interest to agronomists since the earliest attempts to develop more 
productive pastures than the naturally occurring grasslands. Forages 
are an important source of food for grazing animals and forage yield 
and quality are closely related to the yield of animal products 
produced from the consumption of pasture forage.
Livestock producers have long used observations of carrying 
capacity (number of animal units per unit of land), condition of the 
grazing animal, and amount of animal products produced as a measure of 
the value of a given pasture. More recently, accurate measurements of 
weight of meat or milk produced per unit of land and average daily gain 
in weight per animal or average milk yield have been used to measure 
pasture productivity.
Pasture evaluation studies using grazing animals are often costly 
and require a large amount of physical resources, therefore, the number 
of variables which can be studied is usually limited by availability 
of land, labor, and suitable experimental animals. In recent years 
the interest in evaluating pasture production, new pasture management 
systems, and a more efficient land utilization, has Increased the 
number of variables which need to be tested in pasture research.
Agronomic and Animal Science methods of pasture forage evaluation
must be closely related to the performance of grazing animals. Multiple
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harvest clipping trials, sometimes referred to as simulated grazing, 
using the dry weight yield, is a commonly used method of evaluating 
forage productivity. A high correlation between animal performance and 
forage yield, obtained from clipping trials, has been reported when 
pasture management and forage quality are reasonably uniform. However 
different forage species and different types of pasture management not 
only produce different dry matter yields, but may also produce large 
variations in forage quality. Dry matter yields and forage quality 
variables are important because the performance of grazing animals, 
as related to pasture productivity, is largely determined by avail­
ability of forage, voluntary intake, and nutritional value of the 
forage.
Forage quality as related to intake and nutritional value for 
the ruminant animal, has been estimated by various laboratory procedures. 
The most used techniques have been the proximate analysis of crude pro­
tein, crude fiber and nitrogen free extractives, and the in-vitro or 
artificial rumen digestion technique. Used separately neither the 
chemical method nor the artificial rumen methods provide a complete 
measure of the nutritive value of forage. However, when used as 
complementary methods, they provide a better estimation of forage 
quality. The in-vitro digestion technique can be used to determine 
differences in digestibility, while the chemical technique can provide 
the probable reason for these differences.
If the relationship of dry matter yield, chemical composition 
and digestibility of pasture forage to animal performance can be
determined, a more complete method of estimating potential animal 
productivity from small pasture plots should be possible.
Three warm season grasses were used in this study, Common dallis­
grass, Pensacola bahiagrass and Coastal bermudagrass. These grasses are 
recommended for improved permanent pastures in Louisiana,
This study was undertaken to provide information on warm season 
grasses which could be evaluated in their relationship of yield and 
quality to weight gain of yearling steers. This information should 
make it possible to correlate more closely the results of small plot 
forage research with potential animal productivity in Southwest 
Louisiana and in areas with a similar subtropical climate.
CHAPTER IX
LITERATURE REVIEW
The importance of forage in ruminant nutrition was stressed by 
Sprague (1954) who estimated that approximately 65 per cent of the 
total feed required for beef cattle in the United States came from 
forages. The major supply of such forage was derived from pasture and 
rangelands. Melvin (1960) stated that present extensive pastoral 
systems produced very low outputs of human food per acre, and with the 
constant increase in demand for food, pastures will have to become 
markedly more productive. According to Raymond (1969), the efficiency 
of soil-forage-ruminant systems must be greatly increased if they are 
to continue as a significant sector of agriculture.
In forage evaluation studies two main biological systems must 
be considered: the plant and the animal. Development of techniques
in both plant and animal fields has resulted in new approaches to 
forage evaluation studies. The nutritionist can treat the animal and 
the forage it eats in isolation, whereas the agronomist must also 
consider the problems that arise when the animal and its feed are 
brought together in practical systems of forage production and utiliza­
tion (Raymond, 1969). According to Oldfield (1959), the two problems 
which must be considered in controlled grazing and range grassland 
studies are the measurement of quantity and quality of the forage 
ingested and the subsequent estimation of its digestibility. Bohman
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and Lesperance (1967) stated that in pasture forage evaluation studies 
the nutritional value of a plant cover is continually modified by plant 
growth patterns and diverse environmental conditions.
Petersen et.al. (1965) studied the relationship between stocking 
rate and per animal and per acre performance under controlled grazing 
conditions on pastures. They found that as the stocking rate increased, 
gain per animal was constant at a maximum until the stocking rate was 
such that the total forage consumed was equal to the total forage 
available. Beyond this point, gain per animal was inversely related
to stocking rate, resulting in a linear decrease in gain per acre.
Kennedy et,.al. (1960) studied the influence of grazing management on 
animal and plant performance. For studies of grazing management 
systems when critical comparisons of pasture treatments in terms of 
animal production per acre was desired, they recommended maintaining 
the same level of stocking on all plots, either through the addition 
or removal of equal numbers of animals on all plots or by harvesting
an equal area from all plots.
According to Woolfolk (1962), the yield of pasture herbage in 
terms of animal performance has been measured as animal days per acre, 
gain per acre, milk production per acre, or energy production per acre. 
He stated that all these variables were a function of the stocking rate. 
Harris (1962) stated that the ultimate measure of the value of a pasture 
is its yield per acre for the maintenance of animals, or for maintenance 
plus production, which includes meat, milk, fiber or work.
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Pasture Forage Yield Measurements
Manual and machine harvesting and direct animal measurements are 
commonly used to estimate yield and consumption of pasture forage in 
grazing trials. One of the most common methods of forage measurement 
used by many agronomists (Wagner,et.al., 1950; Green.et.al., 1952; 
Cowlishaw, 1955; Carter, 1960; Doss,et.al., 1966; Beaty, et.al., 1968) 
is the clipping trial technique, which can be carried out on small field 
plots, protected areas, or caged areas in a pasture. These clipping 
trials do not use animals as part of the experimental procedure.
Forage yields determined by clipping trials include the total forage 
obtained from a given area, usually from multiple harvests during the 
growing season (Cowlishaw, 1955; Carter, 1960 and Carter, 1962), Two 
methods of measuring forage yield, which relate yield to animal 
consumption, are the "cage difference" and the "mowed strip" methods.
The cage difference method estimates forage consumption by harvesting 
the forage from a protected or caged area and substracting the forage 
residue harvested from a grazed area of equal size (Carter, 1962). In 
another study, Carter (1960) recommended pairing of the protected and 
unprotected areas when using the cage difference method. Green, et.al. 
(1952) found that pairing of sites for cages and outside areas should
not be too close in order to avoid excessive trampling and soiling in
the cage vicinity. Wagner, e£.al.. (1950) used four 3 by 30 foot mowed
strips to determine pasture forage yield and consumption in grazing
studies using dairy cows. When using this method, strips are mowed and
harvested before grazing and similar strips are mowed and harvested 
after grazing. Forage consumption is estimated by substracting the 
yield after grazing from the yield obtained before grazing. According 
to Carter (1962), the mowed strip method is valid only when used in 
short rotational or rationed grazing trials.
Linehan (1952) compared the cage-difference and mowed-strip 
methods for measuring forage consumed by grazing animals. He concluded 
that these methods were highly correlated with animal productivity 
although they may not accurately measure total production or consump­
tion. Sears (1951) studied a system of hand cutting and plucking of 
forage protected by cages to simulate grazed forage outside the cage, 
but this system required a reliable and well-trained team of workers 
to be successful. Carter (1962) stated that information on the 
comparison of pasture yield as estimated from clipping methods and from 
animal methods was limited.
Direct animal measurement involves the use of the indicator 
method to calculate dry matter consumed by the grazing animal. Indica­
tors are indigestible and inert substances which are given to the 
animal in known amount and quantitatively related to their recovery 
in the feces (Maynard and Loosi, 1962). Many indicators or tracers 
have been used, but chromic oxide is the most commonly used (Castellanos, 
1969).
Brundage, et.al. (1956) studied the utilization of Broraegrass 
under rotational and strip grazing systems of pasture management with
dairy cows. They compared forage yields from clipping trials with 
forage yields determined by the chromogen-chromic oxide indicator 
method, and compared yields from these two methods with the total 
digestible nutrients produced. Brundage and coworkers found a highly 
significant correlation between forage yield from the clipping trial 
and total digestible nutrients (TDN) under rotational grazing (r=0.713) 
and a significant correlation when considering strip-grazing pasture 
management (r=0.594). When they compared forage yield from the 
clipping trial to forage yield from the chromic oxide indicator tech­
niques, they found a significant correlation under rotational grazing 
(r=0.635) and a highly significant correlation (r=0.90) under the 
strip grazing system of pasture management.
Carter, et.al. (1960) compared two agronomic methods of pasture 
evaluation (cage-difference and mowed strip techniques) with one animal 
method (chromogen-chromic oxide indicator technique). They found that 
the cage-difference technique measured forage yield more accurately 
than the mowed strip technique. This later technique tended to over­
estimate forage consumption by approximately 35 percent when compared 
to the chromic oxide method. Wagner, et.jjl. (1950) compared cage- 
dif ference and mowed strip methods with grazing results in determining 
production of pastures used for dairy cows. They found cage data more 
consistent with grazing than mowed-strips data. However, an interaction 
between cage and mowed strip times forage species was reported.
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Cowlishaw (1955) studied the effect of cages on the yields of 
different herbages. He found that protected or caged areas produced 11 
percent more dry matter than similar outside areas because of the 
modified environment under the cages (different wind velocity, humidity 
and transpiration rates). Cowlishaw recommended placing the cages at 
random in the field, after each harvest to reduce the changes produced 
in the pasture under the cage by this modified environment. This 
report confirmed previous work by Klingman, et.^. (1943) . They found 
that both cage unit and outside cage area should be decided at random 
to avoid bias in comparing sites. Naylor (1952), however, in his study 
of the cage-difference method for determining the forage consumption of 
grazing animals reported that selection of the outside cage areas 
similar to those inside reduced the outside cage variation.
Linehan, et.al. (1952) studied the effect on yield measurement 
of pasture growth during grazing trials using cage and mowed strip 
methods. They found that cage or mowed strip forage yields tended to 
underestimate animal consumption of the forage if a very long rotational 
grazing period was involved. Linehan and coworkers stated that grazing 
periods should be as short as possible in order to minimize the effects 
of growth during the grazing period in pasture forage research.
Ridely, et.^l. (1963) studied the relationship of selective 
grazing to botanical composition of irrigated pastures. They found that 
the botanical composition of the pastures studied was not highly 
correlated to the botanical composition of the forage selected by the
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animal. They also stated that grazing animals were more selective in 
pasture mixtures than in single-species pasture plots because of the 
difference in palatability of the pasture mixture. Under rotational 
grazing selectivity of the animals was induced by animal excreta 
(Marten and Donker, 1964) and by stocking rate (Petersen, et. al_., 1965).
Hull, et.aT. (1967) compared rotational and continuous grazing 
on orchardgrass, ryegrass, tall fescue, ladino clover, and strawberry 
clover paddocks using beef steers. They found that supplemental feeding 
was necessary under continuous grazing, but not under rotational grazing. 
The latter was better than, or equal to, continuous grazing in animal 
days grazing and liveweight gain per hectare at heavy stocking rates. 
Shift in botanical composition occurred as a result of grazing manage­
ment, generally toward a predominance of grass.
Measuring Forage Quality
Chemical analysis. In pasture forage evaluation the determina­
tions of the nutritive value of the herbage available to the animals 
and the nutritive value of the forage actually consumed by the grazing 
animals are of paramount importance. The relative nutritive value of 
forages has been estimated by the Weende scheme of analyses based on 
crude protein, crude fiber and nitrogen free extract determinations. 
The original scheme has been modified by several workers. (Atwater,
1894; Hill, 1900; Woll and Humphrey, 1910; etc.). In 1955, the Associa­
tion of Official Agricultural Chemists (A.O.A.C.) published the standard
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proximal analysis procedure to be used to analyze feedstuffs.
In recent years a trend has developed to find a single entity in 
the chemical make-up of a feedstuff that would predict its nutritive 
value for the animal. Forbes and Garrigus (1950) studied the relation­
ship between chemical composition, nutritive value, and intake of 
forages grazed by steers and wethers. They found a significant correla­
tion between digestible organic matter and lignin content of the forage. 
Data from grazing trials showed that a decrease of 8.2 percent 
steers and 9 percent for wethers occured in the maximum feed intake 
for each 1 percent increase in lignin content of the forage.
Van Soest (1963) developed the acid detergent fiber technique 
(ADF) which can be used in fiber and lignin determinations. This new 
technique was considered more rapid than previously used methods for 
fiber and lignin analysis. The importance of acid detergent fiber 
in forage evaluation studies was emphasized because of the proportion 
of dry matter which was lignified, cell walls. Van Soest (1965) 
reported that the total fibrous fraction of a forage was inversely 
related to voluntary intake and when a forage had low cell wall content, 
digestibility and intake apparently were not related. He suggested 
that the relationship between dry matter digestibility and voluntary 
intake was based on the percentage of digestible energy from cell 
wall constituents. The acid detergent fiber method was based on the 
observation that detergents can be used to separate protein from other 
feed fractions. Acid detergent fiber consists mainly of lignin and
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polyssacharides and it has been found to be highly correlated to 
digestibility of grasses and legumes (Van Soest, 1963).
Raymond (1969) considered the nutritive value of forage to be 
composed of a complex of parameters of which chemical composition and 
digestibility were considered the most important. He considered that 
digestibility of forages measured in controlled in-vivo experiments 
could be directly related to chemical composition of the same forages, 
and that after this relationship was determined the nutritive value of 
other forages could be predicted. According to Klett (1966), chemical 
composition and digestibility of a given feedstuff are closely related.
Digestibility Determinations. Church (1969) defined the term 
digestion as the action of microbes and digestive juices within the 
digestive tract of the animal, but he indicated that the effects of 
mastication during ingestion and rumination should also be included when 
referring to ruminant animals. A broad definition of digestion which 
includes absorption as well as the action of microbes and digestive 
juices, would be the disappearance of food from the gastro-intestinal 
tract (Church, 1969). According to Maynard and Looli (1962), the 
actual value of ingested nutrients depends upon utilization within the 
body. Evaluation of digestibility involves determing how much material 
is not degraded and absorbed while passing through the animal. Church 
(1969) in his work on digestive physiology and ruminant nutrition, 
stated that when dealing with fiberous rations the fecal excretiom
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associated with digestion accounted for the greatest losses (30 to 40 
percent) in feed utilization.
The apparent digestibility of feedstuffs has been determined 
by in-vivo and in-vitro techniques. The total collection technique 
as described by Horn, et.al.. (1954) is the conventional method for 
in-vivo digestibility determinations of feedstuffs. This method 
involves accurate measurement of the amount of nutrients consumed and 
collection of all feces voided during the period of experimentation. 
Chemical analysis of both feed and feces is performed in order to 
determine the nutrient content, and digestibility of the nutrient 
fractions. The percentage of each nutrient digested is called the 
digestion coefficient for that nutrient.
In total collection in-vivo digestion studies, animals are either 
confined in a stall or crate (Horn, et .^1., 1954; Erwin, et.al, 1956) 
to faciliate collection of feces and urine. The feces may be collected 
with the aid of bags attached to the animals (Garrigus and Rusk, 1939; 
Castellanos, 1968). The purpose of these devices is not only to 
facilitate collection, but also to prevent the contamination of feces 
with urine or viceversa (Horn, et.jl., 1954).
According to Nicholson, .et.al. (1956), Lloyd, et.al. (1956), 
Brown, et.al. (1959) and Baumgardt, et.al. (1964), a preliminary 
period in which the animal is fed the ration under study for a few days, 
is required in order to accustom the animal to the ration to be studied. 
In this manner all residues of former diets are excreted before the
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collection trial starts. Lloyd, et.al. (1956) concluded that prelimi­
nary feeding periods longer than 10 days were not necessary. Church 
(1969) stated that feed intake must be stabilized because a fluctuation 
in intake results in a fluctuation in excretion.
The length of fecal collection period has been studied by
several workers. Brown, et.al. (1959) used a collection period of five 
days using rumen fistulated Holstein cows. Clanton (1961) compared 
seven and ten day collection periods and found, with the exception of 
crude protein and crude fiber, digestibility was less variable with 
ten-day collection periods. Hale, et.al. (1963) determined that a five 
day fecal collection period was satisfactory when using steers.
Church (1969) recommended that the amount of feed given to the
animal, feed refusals, and feces must be carefully weighed and sampled, 
because accurate measurements and proper sample handling after collec­
tion are of great importance for best results. Jacobson, et.£l. (1959) 
studied a method for preserving wet feces without nitrogen or energy 
loss. They canned bovine feces and stored them at room temperature. 
They found no difference between this method and conventional methods 
of freezing feces. Lindahl (1959) obtained satisfactory results when 
drying sheep feces at 60’C. in a forced air oven. Other workers have 
reported similar results by simply drying samples at 50-60*C. and 
storing them at room temperature until chemical analysis could be 
completed (Smith, 1963 and Alpan, 1965).
An indirect method of determining in-vivo digestibility 
involves the use of an inert reference substance or--"indicator."
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According to Maynard and Loosli (1962) in the indicator method of 
determining digestibility, the amount of indicator in the feedstuff and 
in feces samples is determined; then feed intake, fecal output and 
feedstuff digestibility can be estimated.
Indicators can be a natural constituent of the feed under study 
or an artificial substance, such as chromic oxide (CrgOg). Reid, et.al. 
(1950) proposed the use of naturally occurring plant chromogens which 
could be quantitatively determined by light absortion at 406 Mu. Kane, 
et.al. (1953) compared the conventional total collection technique with 
the chromic oxide (Cr203), the lignin and the chromogen techniques.
They found a close relationship between the results from the total 
collection method and the indicator methods and concluded that satis­
factory results were obtained with any of these techniques.
The ruminant stomach serves as a host for symbiotic microorga­
nisms and provides an extensive pre-gastric fermentation chamber. In 
this chamber, microbial activity takes place and plant substances, 
specially cellulose and related plant polysaccharides, are converted 
into simpler products which can be utilized by the animal. According 
to Dougherty, et,.al. (1965), digestion in the rumen of the animal is 
a complex mechanism controlled by the interaction of several factors, 
such as substrate to be digested, rumen microbial activity and pH of 
the rumen media.
In recent years, the development and use of the artificial rumen 
or the in-vitro technique has received considerable emphasis. The
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in-vi tro technique attempts to duplicate in the laboratory the condi­
tions found in the rumen of the animal. Early work on artificial 
rumen technique was concerned with rumen microbial activity. In 1939, 
Woodman and Evans studied the mechanism of cellulose digestion by the 
ruminant microorganisms. They found glucose as intermediate, and 
pyruvate, lactate, and volatile fatty acids as end-products of cellulose 
digestion.
Pearson and Smith (1943) used the in-vitro technique in studies 
of urea utilization in the bovine rumen. Since that time many modifica­
tions have been suggested to improve the technique. In 1948, McDougall 
studied the composition and output of ruminant saliva. He found saliva 
played an important roll in the rumen digestion as a source of minerals 
for the microbial population, and as a buffer solution for the rumen 
system. McDougall developed a synthetic saliva that imitated the 
animal saliva. Most mineral solutions used in in-vitro studies have 
been derived from McDougall1s artificial saliva.
The source of inoculum or rumen liquor for the in-vitro tech­
niques is provided by a rumen fistulated animal. Walker (1959) studied 
the quantity and concentration of rumen liquor needed in each digestion 
flask. He found that roughage dry matter digestibility was independent 
of the volume of rumen juice. However, Church and Petersen (1960) 
noted a linear increase in dry matter digestion as the volume of the 
rumen liquor increased from 20 to 120 ml. in the in-vitro system.
Bowden and Church (1962) found uncontrolled variation in the digesting 
capacity of rumen liquor collected from the same steer on different days.
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Van Dyne (1962) reported ehat the diet of the fistulated animal used 
to produce the rumen fluid influences cellulose digestion. Reid, et.al. 
(1960) conducted regression analyses on the relationship between in- 
vivo and in-vitro determinations of different forages. They found that 
this relationship was the same when the inoculum for the in-vitro 
system was obtained from an animal fed on grass hay, but this was not 
the case when the inoculum was obtained from an animal fed legume hay.
Microbial activity in the rumen takes place under anaerobic 
conditions. In order to insure such conditions in the in-vitro system, 
Cheng, et.al. (1955) and later Smith (1963) bubbled carbon dioxide (CO2 ) 
continuously through the whole system. However, Baumgardt, et.al.
(1959) and Church (1965), demonstrated that saturation of the air with 
CO2 in each flask at the beginning of each trial produced the same 
effects.
Due to the variety and complexity of apparatus used in in-vitro 
studies, El Shazly, et.al. (1960) compared three types of in-vitro 
apparatus: (1) The all-glass apparatus where a suspension of rumen
microorganisms in mineral mixture was added to a hay substrate pre­
viously placed in a large glass container. (2) In-vitro apparatus 
utilizing a semipermeable bag or "membrane" as container. (3) The 
continuous flo\? apparatus made-up of a siphon, an inlet for buffer 
media, and a small funnel inserted through the inlet. When the sample 
was saturated with CO2 it caused a continuous flow of the solution 
which was collected in a flask of suitable size. No major differences
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were found among the apparatuses; however, the all-glass apparatus 
appeared to be advantageous, because of its simplicity. Church and 
Petersen (I960) developed an artificial rumen system using centrifuge 
bottles held in a water bath. This in-vitro system has been modified 
by Smith (1963), Klett (1966) and Castellanos, et.al. (1968).
In 1963, Johnson reviewed different in-vitro rumen fermentation 
techniques. He concluded that these techniques could be used in forage 
evaluation studies and also in studying certain biochemical differences 
in the tissues of the plant. Van Soest (1967) stated that forage dry 
matter can be divided into two fractions on the bases of nutritional 
availability: (1) cellular contents, and (2) the plant cell walls.
The former was essentially available, but its digestibility appears 
incomplete because of the excretion of fecal non-cell wall matter. The 
cell wall fraction availability was controlled by structural features 
that link cellulose, hemicellulose and lignin together. Van Soest 
concluded, the dual nutritive character of plant dry matter would not 
permit the use of a single factor to predict dry matter digestibility 
in forage studies.
According to Raymond (1969), forage plants are made up of mor­
phologically "distinct1' fractions, such as leaves, stems, etc., each 
of which could be changing in chemical composition and digestibility. 
Changes in one fraction of the plant were not necessarily related to 
changes in other fractions. Klett (1966) stated that digestibility 
of forages could be altered by factors such as protein content of the
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forage, fiber content, energy, forage intake, particle size and mineral 
content of the plant. Raymond (1959) included silica as a further 
component which may influence forage digestibility. He stated that no 
single component could measure the complex process of ruminant digestion 
and it must be treated as a series of stages, each described by a parti­
cular method of evaluation.
In forage evaluation studies using dried forages as substrate, 
the criterion of in-vitro digestion used was represented by the 
disappearance of three different components or fractions: dry matter
digestibility (Baugardt, et.al,, 1958 and Walker, 1959), cellulose 
digestibility (Barnett, 1957, Crampton, et.al., 1959 and Donefer, et.al. 
1959), and crude fiber (Quicke, et.al., 1959 and Reid, at.al., 1959).
Hi, et.al. (1966) compared chemical analysis, solubility test 
and in-vitro fermentation procedures as laboratory methods of forage 
evaluation. Chemical analysis determinations included crude protein, 
acid-detergent fiber and lignin and crude fiber. Solubility test 
studies included cellulose solubility in cupreithlene diamine (CED) 
and dry matter solubility (DMS) in sulfuric acid. The in-vitro fermen­
tation technique comprised dry matter and cellulose digestion determi­
nations. They concluded that none of the chemical components or 
solubility methods studied should be used to compare forages of 
different species. For estimation of dry matter digestibility of all 
forages studied, they concluded best result would be expected with the 
in-vitro digestion technique.
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Karn, et...al. (1967) studied the rates of in-vitro dry matter and 
cellulose digestion of 65 forage samples at different fermentation 
times (0 to 21 hours) as predictors of forage nutritive value. It was 
found that the period of maximum digestion occurred between 5 and 11 
hours. A definite lag phase of 4 to 5 hours was observed for cellulose 
digestion, and a decline in maximum rate occurred at approximately 12 
hours. Limiting substrate was given as a probable explanation for 
this decline. Van Dyne (1962) working with in-vitro techniques in 
range forage evaluation, found that in-vitro cellulose digestion did 
not increase with time after 24 hours. Reid, ^t.al^. (1960) studied the 
relationship of forage digestibility and intake data to in-vitro and 
in-vivo fermentation indices. They included in-vitro evaluation of 124 
forages from seven Experiment Stations. Highly significant correlations 
between in-vitro cellulose digestibility at 24, 36, and 48 hours and 
in-vivo dry matter digestibility were obtained. Ho consistent relation­
ship between voluntary intake and rate of cellulose digestion was 
observed.
Hershberger, et.jil. (1959) compared in-vitro and in-vivo 
cellulose digestion of 35 forages. They found a close linear relation­
ship (r=0.92, P < .01) between cellulose digestion in-vitro and 
digestible energy. Tomlin, ^t.jil. (1965) studied the relationship of 
lignification to in-vitro cellulose digestibility of four grasses and 
three legumes, cut at three stages of maturity. It was found that lignin 
content was negatively correlated with in-vitro cellulose degestibility. 
Lignification was linearly related to cellulose digestibility as the
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grasses matured, however, the same relationship could not be determined 
for alfalfa. Quiclce, et..al. (1959) studied cellulose digestibility in 
seven grass hays and six legume hays using in-vitro digestion and 
in-vivo digestion trials with sheep. Differences obtained between 
in-vitro and in-vivo techniques with grass hays were not significant, 
but some legumes were significantly different when using one or the 
other technique.
Church and Petersen (1960) and Bowden and Church (1962) studied 
the effect of several variables on in-vitro rumen fermentation. They 
found a significant correlation between in-vitro dry matter and in-vivo 
digestibilities of the chemical components of forages. According to 
Klett (1966), in-vitro digestion trials showed good repeatability and, 
in general, less variation than in-vivo trials.
Barnes (1967) studied the variability associated with in-vitro 
rumen fermentation technique in a collaborative study involving 17 
laboratories. In-vitro digestibility of cellulose and dry matter was 
determined for three forage substrates, analyzed in three groups with 
duplicate determinations. He found considerable variability in the 
technique employed by the different laboratories (sample size, length 
of the fermentation period, mineral solution, etc.). The mean in-vitro 
digestibility for individual laboratories after a 24-hour fermentation 
period ranged from 40 percent to 64 percent for cellulose, and from 
39 percent to 53 percent for dry matter digestibility. Barnes (1967) 
concluded that a standard in-vitro procedure should be developed if a 
more direct comparison of different in-vitro results was desired.
CHAPTER III
MATERIALS AND METHODS
The field portion of this study was conducted at the Louisiana 
Rice Experiment Station, Crowley, Louisiana, during the years 1968 and 
1969. The three warm season perennial grasses used in this study, Common 
dallisgrass (Paspalum dilatatum Poir), Pensacola bahiagrass (Paspalum 
notatum Plugge. var. Saurae Parodi) and Coastal bermudagrass (Cynodon 
dactylon (L.) Pers.) were established in 1967 on a Crowley silty clay 
loam soil from certified seed or vegetative materials.
Pasture management
Each of the three grass species used in this study was estab­
lished on an area of 2.96 hectare, which area was then subdivided by 
a fence into two equal size plots. All pastures received an applica­
tion of 135 Kg. /Ha., of a complete fertilizer (10-20-20; N, p2°5’ *̂ 2°̂  
in early spring. Ammonium nitrate was applied twice during the grazing 
season at a rate of 120 Kg./Ha., at each application. Ground limestone 
was applied at a rate of 1.5 Tn./Ha., at the end of June, 1969.
Watering facilities were centrally located on the fenceline between 
two adjacent plots. Trees along the fence row provided shade in all 
plots except in one of the dallisgrass plots. Each plot was first 
mowed each year with a rotary mower 14 days before the alloted steers 
were placed in a plot, and mowed every 28 days during the remainder 
of the growing season. The cut material was left on the field. No
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supplemental irrigation was used.
Animal Management
Thirty Louisiana raised yearling Angus steers were purchased in 
1968 and 1969 respectively for use in this study. Upon arrival at the 
experiment station the steers were vaccinated against blackleg and 
anthrax, drenched with a solution of 12 ounces of Thiabendazole in 
water, and sprayed with Ronnel. After the period of stress was over, 
the animals were weighed and grouped into weight blocks with one animal 
from each block assigned to each grass species. In this manner, 10 
animals per grass species per year were used in the experiment. Each 
group of animals was rotated to the other plot within the same grass 
species every 14 days.
No supplemental feedstuffs were provided to the experimental 
animals during the period of the experiment. The grass forage consumed 
was the only source of food utilized by the steers. Salt and mineral 
supplement were provided (ad-libitum) to the animals during the experi­
ment. All of the steers were weighed every 28 days. The steers were 
confined without feed or water for 16-17 hours prior to weighing.
Measurement of Forage Yield and Consumption
In order to determine the initial starting date of each experi­
mental period, the early growth of the grasses in the pasture were 
observed to estimate the date when sufficient growth would be available 
to support the 10 steers to be placed on one of the plots of each grass 
species. Then 14 days before the steers were to be placed in the
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experimental field, one plot of each grass species was mowed to remove 
weeds and to provide a uniform growth period. Fourteen days later, 
when the steers were placed in the previously mowed pasture, the other 
plots were mowed to provide a uniform growth period before the steers 
would be rotated to these plots. For the remainder of the growing 
season the plots were mowed as soon as possible after the steers were 
removed. By this system each plot was mowed every 28 days.
Three different types of herbage yield samples were collected 
from each grass species every 14 days from April 6, 1968 and April 2, 
1969, through September 20, 1968 and September 16, 1969. The three 
types of samples were referred to as "ungrazed," "cages" and "grazed" 
samples.
The "ungrazed" sample was collected before animals started 
grazing the corresponding plot. A metalic ring (hoop) with a diameter 
of 57.15 cm. and an area equal to 2,738 square cm. was thrown five 
times at random in the experimental plot. The grass inside each hoop 
was clipped with the aid of a pair of shears at 2 cm. height from the 
ground and collected in previously weighed paper bags. In this manner 
the area harvested from five hoops was equal to 13,690 square cm.
The methods of herbage sampling by cages used by Klingman, et.al. 
(1943) and Green, et.al. (1952) were modified in this study. Immedi­
ately before the animals were rotated to their assigned plot, three 
rectangular metalic cages were randomly located on the appropriate 
plot of each grass species. These cages were covered with wire netting 
to prevent the steers from grazing the forage under the cage.
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Each cage was fixed firmly to the ground to prevent it from being moved 
by the animals. At the end of the grazing period (14 days per plot)
cages were removed, and a rectangular wood frame (199 x 68.8 = 13,690
square cm.) was placed in the center of the site originally occupied 
by a cage. The grass inside the frame was cut and collected in 
previously weighed paper bags. Three samples of this type were obtained 
from each grazed plot every 28 days.
Each cage sample had its corresponding "grazed" sample, collected
immediately after animals were removed from the grazed plot. The 
metalic ring (hoop) previously described, was thrown five times at 
random in the neighborhood of each cage. By this procedure 5 hoops 
covered an area equal to the area demarcated by the wood-frame under 
the cage (2,738 x 5 = 13,690 square cm.). Grass inside the hoop was 
clipped and collected in previously weighed paper bags.
Special care was taken in obtaining a uniform and complete 
sample from the 2 cm. above the ground portion of the plant. Any piece 
of material cut from the growing sward was thoroughly collected. Samples 
of the grasses under study were always cleaned of grass straw found on 
the ground from the previous mowing operation, and of weeds that 
spontaneously grew in the experimental field.
Forage samples were carried to the laboratory where fresh 
weight was determined. Then, samples were dried at 50*C to constant 
weight. Dry weight of the grass samples was determined.
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Pasture forage yield was calculated from the grass harvested in 
the protected areas under the cages. Estimation of animal consumption 
was calculated as pasture forage yield inside the cages, minus pasture 
forage residue outside. Cowlishaw (1955) determined that environment 
under cages was different from the outside environment because of 
lower wind velocity, higher humidity and lower transpiration rates.
An adjustment for the forage yield under the cages was adopted based 
on Cowlishaw1s determinations. Cowlishaw found that forage under the 
cages produced 11 percent more dry matter than similar outside areas, 
bringing about an overestimation of consumption when cage-clipping 
methods were used. No considerations were given to regrowth of the 
herbage subjected to simultaneous defoliation by the animal during the 
grazing period. The growth while grazing effects of Lineham, et.al. 
(1952) was not considered, because grazing periods of 14 days were 
short enough, under the condition of the experiment, to minimize this 
type of bias in the measurement.
After dry weight and percent moisture were determined, all the 
bagged, oven dryed, samples were stored in insect and rodent proof 
cartons until they could be prepared for additional determinations. 
Material from each of these bagged samples was ground in a Wiley Mill 
(standard model #3, Arthur H. Tomas Company, Philadelphia) using a 
20 mesh screen (1 mm. size). Sufficient material was ground to obtain 
two 130 gram samples. The ground samples were then stored in screw- 
top jars in a cool dry place until chemical analysis and in-vitro
digestibility determination could be made.
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Measurement of Forage Quality
Chemical Analysis. Grass and fecal samples were analyzed for 
crude protein, crude fiber, ether extract and ash according to the 
standard procedure outlined by the Association of Official Agricultural 
Chemists (A.O.A.C., 1955). Phosphorus was determined by colorimetric 
technique using a phosphorus calibrated column in a Technicon Auto 
analyzer apparatus. Calcium was determined in a Perkin Elmer Spectro­
photometer apparatus Model 303.
Cellulose content of the grass species was determined by a 
procedure outlined by Crampton and Maynard (1938) and partially 
modified by Klett (1966). Glass test tubes containing 0.5 gram of the 
samples were treated with 20 ml. of Crampton and Maynard reagent 
8:1:2 solution of acetic acid, concentrated nitric acid, and distilled 
water, respectively and boiled in a steam bath for 30 minutes instead 
of refluxing. The residue was washed out from the tubes using ethyl 
alcohol (95%) and collected in Gooch crucibles with an asbestos 
bottom. The residue in the Gooch crucibles was dried at 110 C for at 
least two hours, weighed and then ashed at 600 C for at least one hour, 
and weighed again. The difference between the dried and ashed residues 
was considered to be cellulose.
The acid detergent fiber (A.D.F.) technique proposed by Van 
Soest (1963) was used to determine the undigestible cell-wall content
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of the forage samples from the in-vivo digestion trials. Acid detergent 
fiber was the pooled dried residue of two gram samples remaining after 
treatment for one hour with 100 ml. of a solution of 20 g. cetyl 
trimethylatnmonium bromide (CTAB) in one liter of 1 normal sulfuric acid.
Gross energy determinations were completed according to the 
standard procedure described by Crampton (1956) using a Bomb Calori­
meter.
In-vitro Digestibility Determination. Grass samples from the 
clipping trial and grass and fecal samples from the in-vivo digestion 
trials which had been previously ground and stored were used for the 
in-vitro digestion determinations. These ground samples were oven 
dried again in order to eliminate any moisture which was picked up 
during the grinding operation or storage. After the samples were oven 
dried and cooled in a dessicator, one gram samples were weighed on an 
analytical balance and placed in 100 ml. polyethylene test tubes for 
the in-vitro digestion trials.
The procedure used in this in-vitro digestion study was patterned 
after an artificial rumen system developed by Church and Peterson (1960) 
and modified by Smith (1963), Klett (1966) and Castellanos, et.al., 
(1968).
The rumen inoculum for this study was collected from two 
fistulated steers maintained on a diet of grasses as the only source 
of food. These animals were grazing on ryegrass during the winter and 
common bermudagrass during the summer. The steers were confined to a
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pen without food or water for approximately 14 hours prior to the 
collection of the inoculum. The rumen liquor was squeezed from the 
rumen contents by hand into preheated quart thermos bottles and carried 
to the laboratory and filtered through four layers of cheesecloth into 
suitable beakers. After standing for approximately 30 minutes at 39 C, 
under anaerobic conditions, the bottom layer was removed by suction 
and mixed with the mineral solution recommended by Smith (1963) and 
used by Klett (1966). The mineral solution was prepared the day before 
each trial. Carbon dioxide was bubbled through the mineral solution 
until the pH reached 6.8 to 7.0.
The in-vitro digestion solution used in this study was made up 
of 3 parts rumen liquor, 6 parts mineral solution and 1 part warm 
(39°C) distilled water. Immediately after the solution was mixed,
50 ml. of this digestion solution was placed in the 100 ml. polyethlene 
test tubes containing one gram samples of the materials being studied. 
The test tubes were then placed in a water bath at a constant tempera­
ture of 39*C. Carbon dioxide was bubbled through each digestion tube 
for approximately 15 seconds using a thin rubber tube connected to the 
CO2 container.
Immediately after bubbling CO2 through the digestion tubes, each 
tube was tightly closed with a rubber stopper, forming an isolated 
digestion chamber in each tube. The rubber stoppers had two small 
glass tubes inserted through each stopper and the outside ends of the 
glass tubes were connected with a loop of rubber tubing. Gases 
produced during fermentation were released from the digestion tubes by
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inserting a 26 gauge hypodermic needle into the looped rubber tubing. 
Moisture accumulation from inside the chamber, together with gases 
produced during fermentation prevented air from coming into the 
digestion tubes.
A digestion period of 36 hours was used for all digestion trials. 
During this time each tube was shaken periodically to thoroughly mix 
the grass sample with the in-vitro solution. At the end of the 36 
hour period, digestion was stopped by poisoning the medium with a 
few drops of mercuric chloride (HgCl) and placing the tubes in a 
refrigerator (4*C) until analysis could be continued. Fermentation 
contents in the digestion tube were filtered by suction through 
previously weighed fritted glass disc crucibles (50 ml. pirex, 40 pore 
size). Crucibles were dried for at least 24 hours at 100'C., cooled 
in a dessicator, and weighed.
Undigested dry matter was considered the residue left in the 
crucibles, and dry matter digestibility was calculated by difference. 
Residue remaining in the crucibles was saved for cellulose digestibility 
determinations.
Cellulose digestibility was calculated by the following equation:
S-l = Sample weight (1 g.) before in-vitro digestion.
C-̂  = Cellulose content of the sample before in-vitro digestion 
(determined by the method previously described under 
chemical analysis).




C2 = Cellulose content of the undigested dry matter residue 
after in-vitro digestion.
In-vivo Digestion Determination. Two in-vivo digestibility 
trials were conducted on dallisgrass, bahiagrass and Coastal bermuda- 
grass. The first trial was conducted in June 1969 and the second in 
September 1969. These studies were carried out at the animal nutrition 
laboratory at the Louisiana Rice Experiment Station. The total collec­
tion in-vivo digestibility technique as described by Woods, et.al.
(1956) was used in these studies.
The grass herbage was obtained from the same pastures used in 
the previously described pasture productivity study. The grass was 
harvested from the particular plots which were being grazed at the 
time of the in-vivo digestion trials.
Six yearling steers were used in each trial. Two animals were 
randomly assigned to each grass species and placed on pasture 4 weeks 
prior to the beginning of the experimental period so that the rumen 
microflora would become adapted to the corresponding grass diet.
The digestion stalls used in this study were patterned after 
those described by Nelson, et.al. (1954).
During a five day pretrial period the steers were placed in the 
digestion stalls and a known amount of each grass species was fed to 
the steers in order to adjust feed intake a little below the maximum 
intake.
The grasses were harvested with a sickle mower at 10:00 a.m. 
daily. The grass was usually free of dew at this time. After being
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cut the grasses were carried to the laboratory) and kept in a cool 
place until fed. Each grass was cleaned of extraneous materials 
(dry-feces, other grasses or weeds, etc.) harvested with the grass 
from the experimental field,
A fixed amount of forage of the appropriate grass species was 
fed to each steer (according to the previously determined individual 
intake) twice a day at 11:00 a.m. and 4:00 p.m. Only forage which was
cut the same morning was fed each day.
Fresh cut forage fed in wooden feeding boxes became hot within 
the first 30 minutes and was rejected by the animals. In order to 
overcome this problem, special feeding baskets were constructed using 
an iron frame covered with wire poultry screen. The measurements 
of these baskets were 72 x 38 x 72 cm. with a capacity of about 8 Kg, 
of fresh cut forage. Animals moved the baskets while eating and
considerable amount of plant material fell out of the baskets. It was
collected with the aid of a square piece of a flexible plastic material 
(1 square mt.) placed underneath the baskets. This grass was returned 
to the feed baskets until all grass was eaten or refused for the animals.
The weight of the forage fed and the weight of the forage 
refused was determined twice each day.
Feces were collected in metal pans, lined with a plastic sheet. 
The fecal output was weighed each day. A sample representing ten per­
cent of the daily fecal output was then taken and immediately placed 
in plastic bags and frozen until further determinations could be
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performed. Each fecal sample was thawed, mixed and divided into two 
subsamples which were placed into pre-weighed aluminium pans and dried 
in an electric oven at 50 C. to constant weight. After drying, samples 
were ground and then stored in screw-top jars until chemical analysis 
and in-vitro digestion determinations could be performed.
Experimental Designs
The different statistical analyses used in this study were 
conducted according to the procedures outlined by Snedecor (1956) and 
Cochran and Cox (1957), and recommended by Schilling (1968).
Forage Yield and Consumption. A 2x3x12x2 (years, grasses, dates 
and types of samples) factorial arrangement of treatments with three 
observations per treatment combination in a completely randomized 
design was used to statistically analyze dry matter yield per hectare 
(kg./ha.) of dallisgrass, bahiagrass and Coastal bermudagrass.
A 2x3x12 (years, grasses and dates) factorial arrangement of 
treatments with three observations per treatment combination in a 
completely randomized design was used to statistically analyze dry 
matter consumption (Kg./ha.) by grazing steers on dallisgrass, bahia­
grass and Coastal bermudagrass.
Chemical Analysis. A 2x3x12x3 (years, grasses, dates and types 
of samples) factorial arrangement of treatments with one single 
observation per treatment combination in a completely randomized design 
was used to statistically analyze the chemical components (proximate
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analysis) of dallisgrass, bahiagrass and Coastal bermudagrass. Data 
from proximate analysis determinations had only one replication and 
thus did not provide an estimate of the experimental error. In order 
to overcome this problem, and due to the large number of treatment 
combinations included, the higher-order interactions were pooled 
together in the analysis of variance to provide an estimate of such 
experimental error (Cochran and Cox, 1957).
In-vitro Digestion Analysis. A 2x3x12x3 (years, grasses, dates 
and types of samples) factorial arrangement of treatments with two 
observations per treatment combination in a completely randomized design 
was used to statistically analyze the in-vitro dry matter digestibility 
cellulose digestibility and cellulose content of dallisgrass, bahia­
grass and Coastal bermudagrass.
In-vivo Digestion Analysis. A 2x3 (trials and grasses) factorial 
arrangement of treatments with two observations per treatment combina­
tion in a completely randomized design was used to statistically analyze 
dry matter intake and digestibility of dallisgrass, bahiagrass and 
Coastal bermudagrass.
Grass samples and fecal samples collected in the in-vivo trials 
were chemically analyzed by suitable procedures in order to determine 
proximate analysis components, acid detergent fiber and lignin, cellu­
lose content, and energy content of the samples. The corresponding 
statistical analysis was performed by using a 2x3 factorial arrangement
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of treatments with two observations per treatment combination in order 
to test the chemical components previously mentioned.
In-vitro digestibility determinations were performed for the 
grass and fecal samples obtained from the in-vivo digestion trials. A 
2x3 (trials and grasses) factorial arrangement of treatments with two 
observations per treatment combination in a completely randomized 
design was used to statistically analyze dry matter digestibility, 
cellulose digestibility and cellulose content.
In addition to the previously mentioned statistical analyses, 
a correlation analysis was performed, including a total of 12 variables 
with 12 observations per variable, in order to study the degree of 
association among the different variables determined by in-vivo diges- 
bion) in-vitro digestion and chemical analysis.
Animal Performance. A split-plot arrangement of treatments 
(where year was the whole plot with 10 animal weight groups per year, 
and grass species was the split plot) was used to statistically analyze 
total gain and daily gain of grazing steers on dallisgrass, bahiagrass 
and Coastal bermudagrass during 1968 and 1969.
CHAPTER IV
RESULTS AND DISCUSSIONS
Pasture forage productivity was determined quantitatively and 
qualitatively by different techniques. The main objective of this study 
was to obtain a more complete evaluation of the techniques, and their 
relationships, in an effort to determine what technique(s) provides the 
most valid measurement of pasture productivity that can be related to 
animal performace. A secondary objective was to determine forage yield 
and quality and animal performance from three warm season grasses in 
Southwestern Louisiana.
Forage Yield and Consumption
Forage production expressed as dry matter yield per hectare is 
presented in Table I. Coastal bermudagrass and bahiagrass produced 
significantly (P < .01) higher yields than dallisgrass. Yield differences 
between Coastal bermudagrass and bahiagrass were not significant. Coastal 
bermudagrass produced an average of 8,727 Kg./ha. in 1968 and 9,235 Kg./ha. 
in 1969. Bahiagrass produced 9,438 Kg./ha. in 1968 and 8,149 Kg./ha. in 
1969. Dallisgrass yielded 6,605 Kg./ha. in 1968 and 5,899 Kg./ha, in 1969.
The difference in 1968 and 1969 yields was highly significant 
(P < .01). Precipitation during the growing season was more evenly 
distributed in 1968 than in 1969 which probably accounts for the greater 
yields of dallisgrass and bahiagrass in 1968. The reason for the greater 
yield of Coastal bermudagrass in 1969 was not readily apparent. However,
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TABLE I
AVERAGE DRY MATTER YIELD (Kg./ha.) OF FORAGE 
ON 12 HARVEST DATES IN 1968 AND 1969
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates 1968 1969 1968 1969 1968 1969
Plot 1 April, 15 1,739.1 1,421.6 1,124.7 856.7 942.1 1,355.5
Plot 2 April, 27 866.1 1,361.0 1,121.0 559.7 492.2 1,693.7
Plot 1 May, 12 708.5 387.4 673.8 625.5 958.1 737.2
Plot 2 May, 26 1,815.3 947.3 775.6 1,269.7 1,020.4 1,700.3
Plot 1 June, 10 1,136.8 1,014.2 1,183.0 1,541.8 1,356.1 1,176.0
Plot 2 June, 23 813.0 679.9 2,057.1 1,498.0 1,563.3 1,911.1
Plot 1 July, 6 653.2 923.2 2,174.4 1,244.9 1,414.7 1,394.2
Plot 2 July, 21 1,149.7 806.6 1,813.2 2,046.9 2,049.3 2,510.4
Plot 1 August, 4 708.8 1,439.5 1,900.4 2,028.7 1,360.8 2,121.1
Plot 2 August, 19 1,387.0 808.1 1,476.6 1,630.2 1,427.3 1,616.5
Plot 1 September, 2 1,237.5 965.7 2,104.6 1,892.8 1,994.9 1,581.7
Plot 2 September, 15 995.8 1,045.3 2,172.0 1,103.9 2,874.9 673.1
Total yield Plot 1 6,183.9 6,151.6 9,460.9 8,190.4 8,026.7 8,365.7
Total yield Plot 2 7,026.9 5,648.2 9,416.4 8,108.4 9,427.4 10,105.1
Average annual yield 6,605.4 5,889.9 9,438.7 8,149.4 8,727.1 9,235.4
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Coastal bermudagrass is considered to be the most drouth tolerant of 
these three grasses and since 1969 represented the third year following 
establishment, Coastal bermudagrass may have been better established in 
1969 and therefore more capable of utilizing available moisture and 
fertility. Bahiagrass yield drastically dropped in 1969 which seems to 
indicate that this grass was more affected by irregular precipitation 
patterns than Coastal bermudagrass or dallisgrass. Bahiagrass tended 
to produce more influences during the dry periods, which may indicate 
that the growing pattern of this grass was affected by the lack of 
moisture.
The differences in yield obtained on different harvest dates 
were highly significant (P <(.01). These differences were probably due 
to the variation in precipitation and to normal seasonal growth and 
maturation differences among these species. A highly significant 
(P <.01) interaction was obtained between species production and 
harvest dates. This interaction apparently resulted from a drop in the 
yield of dallisgrass in the later part of June and early July, while 
bahiagrass and Coastal bermudagrass remained constant or increased 
during this period.
The estimated forage available to the steers during each 14 day 
grazing period is presented in Table XI. The estimated forage consumed 
by the steers during each 14 day grazing period, and the estimated daily 
intake per steer are given in Tables III and IV.
TABLE IX
ESTIMATED FORAGE DRY MATTER (Kg.) AVAILABLE TO THE STEERS 
DURING EACH 14 DAY GRAZING PERIOD
Dates Dallisgrass Bahiagrass Coastal Bermudagrass
1968 1969 1968 1969 1968 1969
April, 15 2,574.1 2,103.8 1,664.9 1,268.1 1,394.6 2,006.5
April, 27 2,606.8 3,215.0 1,659.5 828.1 728.6 2,507.0
May, 12 1,048.6 616.2 996.7 925.4 1,418.4 1,090.8
May, 26 2,686.5 1,402.2 1,148.1 1,878.9 2,129.7 2,516.8
June, 10 1,682.2 1,500.5 2,194.6 2,282.2 2,006.5 1,740.5
June,23 1,203.2 1,006.5 3,044.3 2,217.3 2,313.5 2,828.1
July, 6 966.5 1,366.5 3,218.4 1,842.2 2,094.0 2,063.8
July, 21 1,701.6 1,193.5 2,683,2 3,942.7 3,032.4 3,715.7
August, 4 1,048.6 2,130.8 2,813.0 3,002.2 2,014.0 3,139.5
August, 19 2,053.0 1,195.7 2,184.9 2,911.4 2,112.4 2,357.4
September, 2 1,831.3 1,429.2 3,114.6 2,801.1 2,952.4 2,340.5
September, 15 1,473.5 3,027.0 3,214.0 1,633.5 4,255.1 995.7




ESTIMATED FORAGE DRY MATTER (Kg.) CONSUMED BY 








April, 15 1,435.7 1,484.3 270.2 1,425.9 782.6 627.0
April. 27 1,250.8 219.1 704.2 473.5 562.8 1,447.6
May, 12 883.4 505.9 434.0 562.2 532.0 864.9
May, 26 2,549.4 814.0 904.4 1,216.2 1,261.4 1,074.6
June, 10 541.8 1,277.8 849.8 1,403.2 1,288.0 887.6
June, 23 214.2 424.9 453.6 589.2 984.2 1,173.0
July, 6 490.0 575.1 806.4 584.9 316.4 403.2
July, 21 603.4 888.6 1,027.6 3,029.2 591.4 966.5
August, 4 705.6 367.6 799.4 712.4 86.8 752.4
August, 19 579.6 1,120.0 235.2 2,413.0 249.7 790.3
September,2 698.6 508.1 812.0 762.6 1,326.5 645.4
September, 15 156.8 168.6 149.8 556.8 2,921.1 90.8
TOTAL 10,109.3 8,426.0 7,446.6 13,729.2 11,684.2 9,723.3
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TABLE IV
AVERAGE DAILY INTAKE (Kg.) PER ANIMAL FOR EACH 







April, 15 10.25 10.60 1.93 10.18 5.59 4.48
April, 27 8.93 1.56 5.03 3.38 4.02 10.34
May, 12 i 6.31 3.61 3.10 4.02 3.80 6.18
May, 26 18.21 5.79 6.46 8.69 9.01 7.68
June, 10 3.87 9.13 6.07 10.02 9.20 6.34
June, 23 1.53 3.03 3.24 4.21 7.03 8.38
July, 6 3.50 4.11 5.76 4.18 2.26 2.88
July, 21 4.31 6.35 7.34 2,16 4.22 6.90
August, 4 5.04 2.63 5.71 5.09 0.62 5.37
August, 19 4.14 8.00 1.68 17.23 1.78 5.64
September, 2 4.99 3.63 5.80 5.44 9.47 4.61
September, 15 1.12 1.20 1.07 3.98 20.86 0.65
AVERAGE 6.00 4.97 4.43 8.17 6.49 5.79
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It is apparent from the differences in forage available and 
forage consumed that these steers had a surplus of forage available to 
them throughout the period of this study. The fact that available 
forage was always consistently in excess of forage consumed may explain 
why no significant differences in forage consumption was found among grass 
species, between years, or between grazing periods. Also the estimates 
of consumption appeared to be more variable than would be expected for 
actual consumption. This variation in estimates of consumption was 
probably due to the fact that the area outside the cages was not 
uniformily grazed. Therefore, when the hoop, which was used to select 
sample areas from the grazed plot, was thrown, it sometimes fell on 
areas from which no forage had been removed, and sometimes it fell on 
areas which had been severely grazed. The extreme variability within 
the grazed plots probably increased the sampling error for the samples 
obtained from the grazed plots. This suggests that a greater number of 
replications or other refinement in technique may be necessary to get 
a better estimate of actual consumption by the cage-difference technique 
used in this study.
During April, more dallisgrass was consumed than bahiagrass and 
Coastal bermudagrass. A drop in consumption observed on the first 
part of May, possibly indicates a change in palatability of the three 
grasses. Estimated dry matter consumption followed an erratic pattern 
throughout the experimental period. Observations on the grazing 
behavior of the animals in each pasture indicated a generalized tendency
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to graze during the night, except on cloudy days, when grazing increased 
during the day. Climatic factors such as temperature and solar radia­
tion are suggested as the possible main factors which influenced the 
grazing pattern throughout the season.
The average daily intake per steer, (Table XV) during the period
of this study, for dallisgrass, bahiagrass and Coastal bermudagrass was
5.5 Kg., 6.3 Kg., and 6.2 Kg. These results are similar to data pre­
sented by Castellanos (1969) who recently evaluated the chromic oxide 
(Cr2 0 3 ) technique for estimating forage intake under grazing conditions. 
He obtained dry matter intake of 4.1 Kg. using wheat pasture and 4.4 Kg. 
from ryegrass pasture. Different seasons, grasses, animals, and manage­
ment conditions are suggested as possible reasons to explain differences 
in intake between the two techniques.
In general, it can be said that the cage-difference clipping
method proved to be a satisfactory method for estimating actual intake 
by the grazing animal, and further refinement of the technique will 
increase its usefulness in grazing studies.
Forage Quality
The crude protein and crude fiber content of dallisgrass, bahia­
grass and Coastal bermudagrass on 12 harvest dates for samples harvested 
from ungrazed plots, caged areas and grazed plots are given in Table V 
and Table VI. These data are averages of 1968 and 1969 results, as no 
significassfe"differences between years was obtained for crude protein 
and crude fiber content.
TABLE V
AVERAGE CRUDE PROTEIN CONTENT (PERCENT) OF FORAGE FROM UNGRAZED
PLOTS (U), CAGED AREAS (C) AND GRAZED PLOTS (G) ON 12 HARVEST DATES
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates U C G U C G U C G
April, 15 12.90 14.35 12.45 12.92 13.95 12.50 14.40 13.30 11.00
April, 27 13.90 12.45 13.00 14.60 13.95 13.20 13.85 10.85 9.65
May, 12 13.85 13.55 12.10 14.55 14.85 12.75 11.65 12.30 10.40
May, 26 13.20 10.65 11.60 12.35 11.85 11.85 12.15 12.90 12.70
June, 10 14.35 12.00 11.00 12.60 10.20 9.85 13.65 11.30 10.05
June, 23 13.65 12.30 10.05 9.90 8.30 8.65 11.60 9.75 9.10
July, 6 11.70 10.75 10.30 9.25 8.25 8.95 9.75 10.75 9.40
July, 21 12.70 13.60 11.45 9.15 9.10 9.60 10.70 9.95 7.95
August, 4 12.80 9.85 9.40 9.20 8.60 8.80 8.90 8.25 7.40
August, 19 12.35 10.75 9.65 9.60 9.70 8.55 9.50 9.80 8.30
September, 2 10.75 11.80 9.60 8.85 9.60 9.10 10.35 10.40 8.90
September, 15 15.80 13.15 10.25 11.15 10.80 9.30 12.85 10.25 9.25
AVERAGE 13.16 12.02 10.90 11.18 10.76 10.26 11.61 10.82 9.51
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TABLE VI
AVERAGE CRUDE FIBER CONTENT (PERCENT) OF FORAGE FROM UNGRAZED PLOTS (U) ,
CAGED AREAS (C) AND GRAZED PLOTS (G) ON 12 HARVEST DATES
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates U C G U C G U C G
April, 15 24.60 25.85 26.50 22.95 23.80 25.20 20.95 26.55 26.50
April, 27 25.40 28.25 27.20 24.30 25.10 24.40 25.75 26.45 27.40
May, 12 25.35 26.25 24.45 22.10 24.30 24.10 25.70 24.65 26.30
May, 26 26.90 27.10 25.00 27.20 28.70 26.35 26.75 27.15 26.70
June, 10 22.45 26.60 25.10 26.85 31.55 28.40 28.50 29.00 25.60
June, 23 25.15 27.35 27.05 30.15 30.25 29.70 25.70 29.35 26.85
July, 6 26.55 27.60 25.85 29.45 30.20 29.10 27.70 27.95 27.70
July, 21 25.50 27.85 25.00 29.60 30.90 30.40 28.00 30.90 28.05
August, 4 25.85 28.25 26.10 30.45 30.60 30.60 27.50 30.00 28.20
August, 19 25.75 27.50 24.85 30.80 29.55 29.50 29.45 27.30 27.50
September, 2 28.80 28.45 26.75 29.05 30.10 30.05 28.45 29.05 29.35
September, 15 25.20 28.20 27.55 29.45 30.80 29.20 26.75 29.25 28.65
AVERAGE 25.62 27.44 25.95 27.69 28.82 28.08 26.75 28.13 27.40
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The average crude protein content of dallisgrass, 12.03 percent, 
was significantly higher (P <  .01) than the protein content of bahia­
grass, 10.73 percent, and Coastal bermudagrass, 10.64 percent. How­
ever, the crude fiber fraction of bahiagrass, 28.20 percent, and Coastal 
bermudagrass, 27.93 percent, was significantly higher (P <. .01), than 
the crude fiber fraction of dallisgrass, 26.34 percent. A higher 
protein content and lower fiber content are usually associated with 
higher quality forage. These results, therefore, indicate that under 
the condition of the experiment dallisgrass produced a significantly 
higher quality forage than bahiagrass or Coastal bermudagrass.
The crude protein and crude fiber fractions of the ungrazed 
plot samples were significantly different (P <  ,01) than the same 
fractions from material harvested from caged areas or from grazed plots. 
(11.9 percent and 26.7 percent; 11,2 percent and 28.1 percent, and
10.2 percent and 27.1 percent, respectively). These results indicate 
that crude protein and crude fiber fractions change significantly within 
each grass and these changes were more obvious as the season progressed.
Wo significant interactions were found between grasses and types 
of samples or between harvest dates and types of samples. In general, 
grazed plot samples were lower in crude protein and intermediate in 
crude fiber when compared to the other two types of samples regardless 
of the grass considered. This may be explained by the observation that 
most of the leaf tissue was usually removed by the animals and the 
sample obtained from the grazed areas consisted mainly of young stems.
The nitrogen free extract fraction and the cellulose content of 
dallisgrass, bahiagrass and Coastal bermudagrass from the three types of 
samples harvested on 12 dates are presented in Table VII and Table VIII. 
These data are averages of two year results as the N.F.E, fraction for 
1968 and 1969, 44.4 percent and 43.4 percent, respectively, were 
similar. The average cellulose contents in 1968 and 1969, 31.5 percent 
and 34.7 percent were significantly different; however, the difference 
between years was not considered important enough to be reported 
separately.
The nitrogen free extract of the three grasses was 43.7 percent,
43.8 percent and 44.3 percent for dallisgrass, bahiagrass and Coastal 
bermudagrass respectively.
The average ash content of Dallisgrass 8.9 percent, was signifi­
cantly higher (P < .05) than the ash content of Coastal bermudagrass,
7.8 percent, and bahiagrass 7.3 percent. The forage samples collected 
usually consisted of actively growing tissue, and according to Bonner 
and Varner (1965), at this stage of development the cell content 
fraction has a greater proportion of minerals than the cell wall fraction. 
The higher ash content of dallisgrass suggests that dallisgrass forage 
contained a higher proportion of cell content than Coastal bermudagrass 
or bahiagrass. The calcium and phosporus content of dallisgrass, 0,37 
percent Ca and 0.26 percent P, bahiagrass, 0.34 percent Ca and 0.23 
percent P, and Coastal bermudagrass, 0.29 percent Ca and 0.22 percent
P, indicate that adequate amounts of these nutrients were available for
TABLE VII
AVERAGE NITROGEN FREE EXTRACT (PERCENT) OF FORAGE FROM UNGRAZED PLOTS (U),








April, 15 42.05 40.15 41.45 42.60 42.00 41.75 44.00 40.90 44.05
April, 27 41.80 39.55 41.55 41.55 41.15 41.40 39.20 43.60 45.35
May, 12 40.80 40.35 42.45 42.55 39.75 44.25 43.35 42.10 43.15
May, 26 41.00 43.75 44.25 44.15 42.45 44.40 42.45 44.85 44.40
June, 10 41.70 43.50 46.90 42.60 42.90 45.20 34.20 43.35 46.90
June, 23 42.75 43.00 45.20 43.75 46.35 45.65 45.15 45.90 48.70
July, 6 44.65 44.65 47.60 42.20 46.15 46.40 46.70 46.55 48.40
July, 21 44.00 40.60 44.35 45.60 43.75 42.75 46.55 43.00 47.35
August, 4 41.45 44.80 44.05 44.20 43.35 43.15 46.55 46.15 48.95
August, 19 42.45 44.10 47.65 42.50 44.55 45.95 44.65 45.20 48.70
September, 2 41.90 43.25 46.70 47.60 44.85 45.20 46.25 45.15 46.75
September, 15 41.00 42.15 43.80 44.00 42.40 46.00 44.70 45.15 46.95
Average 42.13 42.49 44.66 43.61 ' 43.30 44.34 43.64 "44.32 46.64
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TABLE VIII
AVERAGE CELLULOSE CONTENT (PERCENT) OF FORAGE FROM UNGRAZED PLOTS (U),
CAGED AREAS (C), AND GRAZED PLOTS (G), ON 12 HARVEST DATES
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates U C G U C G U C G
April, 15 32.45 32.46 29.22 29.93 29.82 31.21 28.73 33.64 30.36
April, 27 31.64 39.49 30.85 29.52 30.18 30.67 30.76 29.72 34.26
May, 12 29.40 29.95 32.07 33.07 30.39 31.02 29.42 33.01 31.66
May, 26 29.98 33.51 31.49 30.32 35.81 30.17 31.87 33.46 29.86
June, 10 26.56 34.64 31.48 31.73 35.36 34.66 33.48 35.75 29.94
June, 23 36.04 31.64 33.85 33.35 34.52 33.15 31.99 34.03 32.01
July, 6 32.12 35.82 32.51 32.63 34.35 34.08 32.39 30.03 32.49
July, 21 30.31 33.57 31.69 34.71 33.83 34.23 34.30 38.34 32.19
August, 4 30.86 34.13 33.77 36.96 36.10 37.81 35.39 37.87 34.84
August, 19 34.-38 34.68 29.77 35.64 37.95 35.02 33.95 35.52 34.59
September, 2 32.87 33.49 32.99 35.97 36.29 34.40 36.21 36.39 34.85
September, 15 31.54 33.49 30.89 34.57 36.69 34.15 35.40 34.39 34.56




The dry matter and cellulose digestibility of dallisgrass, 
bahiagrass, and Coastal bermudagrass on 12 harvest dates for samples: 
harvested from ungrazed plots, caged areas, and grazed plots are given 
in Table XX and Table X.
The average in-vitro dry matter digestibility of the forages was 
56.0 percent and 63.9 percent in 1968 and 1969, respectively. The 
difference between year in the in-vitro dry matter digestibility highly 
significant (P < .01). It appears that the forage would not differ 
this much in actual digestibility between years. A fact supporting 
this assumption was that there were no significant differences between 
the crude protein and crude fiber content of the same forages in 1968 
and 1969. This indicates that some of the differences in digestibility 
possibly could be attributed to variation in technique of the in-vitro 
digestibility trials. The in-vitro digestion trials for the 1968 
material were conducted in August-October, 1968 and the digestion 
trials for the 1969 material were conducted from December 1969 to 
April 1970. The period of time between the 1968 and 1969 digestion 
trials may have resulted in minor changes in technique. Also, the 
difference in time and season may have had an influence on the digesting 
capacity of the rumen liquor used in these digestion trials. These 
results suggest that there is a need for a method of standarizing 
in-vitro digestion trials.
TABLE IX
AVERAGE DRY MATTER DIGESTIBILITY (PERCENT) OF FORAGE FROM UNGRAZED PLOTS (U),
CAGED AREAS (C) AND GRAZED PLOTS (G) ON 12 HARVEST DATES
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates U C G U C G U C G
April, 15 47.95 66.61 55.32 50.49 48.72 46.87 48.88 59.20 55.40
April, 27 59.80 52.03 52.22 46.32 51.37 49.62 52.10 61.61 67.24
May, 12 57.29 53.55 54.38 46.92 52.33 47.91 59.14 58.64 70.83
May, 26 60.08 61.68 61.81 52.84 55.56 57.46 70.43 64.71 60.01
June, 10 60.04 58.21 59.25 54.86 53.89 57.43 66.82 64.24 61.42
June, 23 60.55 57.50 61.51 58,08 57.58 59.31 60.89 64.73 67.59
July, 6 56.52 60.09 61.27 57.24 58.65 59.48 65.83 65.04 63.85
July, 21 58.53 54.61 56.40 60.59 62.28 62.07 66.46 67.68 63.95
August, 4 57.78 59.98 61.31 63.52 61.88 61.83 72.68 68.96 73.32
August, 19 59.62 57.08 58.94 62.78 60.92 64.60 67.75 67.75 75.59
September, 2 60.96 58.41 59.14 59.78 60.11 59.88 66. 64 67.40 65.86
September, 15 58.59 57.55 60.66 56.82 63.30 60.73 69.50 65.62 .67.65
Average 58.14 58.11 58.52 55.85 57.21 57.26 63.93 64.63 66.06
TABLE X
AVERAGE CELLULOSE DIGESTIBILITY (PERCENT) OF FORAGE FROM UNGRAZED PLOTS (U),
CAGED AREAS (C), AND GRAZED PLOTS (G) ON 12 HARVEST DATES
Dallisgrass Bahiagrass Coastal Bermudagrass
Dates U C G U C G U C G
April, 15 51.22 67.83 50.67 51.86 53.40 52.38 49.37 62.00 55.89
April, 27 57.43 64.88 48.19 51.50 54.49 55.12 48.11 63.67 69.75
May, 12 55.43 52.04 58.70 53.44 53.09 54.96 61.93 61.95 74.06
May, 26 55.17 62.56 64.86 52.07 60.71 59.77 72.53 66.79 63.13
June, 10 58.66 62.15 62.16 60.79 59.18 60.22 68.77 67.56 64.16
June, 23 67.40 56.17 67.20 60.98 60.05 61.31 58.44 68.49 70.79
July, 6 57.83 64.04 65.19 58.58 60.36 61.43 69.29 65.27 65.56
July, 21 62.19 58.58 58.62 64.01 64.21 63.38 69.70 69.53 67.25
August, 4 59.92 61.22 65.72 66.39 63.93 64.96 77.11 71.31 76.19
August, 19 63.75 56.79 61.13 66.16 63.43 64.49 68.77 71.01 74.50
September, 2 62.84 60.77 62.49 61.40 62.58 62.61 69.73 68.57 67.63
September, 15 64.37 59.93 61.82 57.57 66.43 61.92 70.84 66.43 69.41
-  • — .....- -
Average 59.68 60.58 60.56 58.73 60.15 60.21 65.38 60.96 68.19
U tN>
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Dry matter digestibility of Coastal bermudagrass 64.9 percent, 
was significantly higher (P < .01) than the digestibility of dallis­
grass, 58.3 percent and bahiagrass 56.8 percent. The higher digesti­
bility of Coastal bermudagrass would suggest that this grass should be 
considered to have the best forage quality. However, the chemical 
analysis of crude protein and crude fiber indicated that dallisgrass 
produced the highest quality forage. Dallisgrass produced the highest 
average daily gain which suggests that under the condition of this 
experiment, chemical analysis was a better measure of forage quality 
when related to animal performance. This may also suggest that the 
in-vitro digestion technique as used in this experiment could possibly 
be improved. When years were pooled together and average digestibilities 
considered, results were similar to those reported by Barnes (1967),
63.9 percent, and by Miller, et.jil., (1965), 65.9 percent.
A highly significant difference (P < .01) in digestibility 
between dates of harvest was obtained. Also, grasses times harvest 
dates interaction was highly significant. Seasonal variation in forage 
digestibility is normally expected due to differences in growth and 
maturity influences. The significant interaction apparently occurred 
because the digestibility of dallisgrass tended to remain constant 
throughout the season while the digestibility of bahiagrass and Coastal 
bermudagrass tended to increase as the growing season progressed.
The differences in digestibility among the three different 
types of samples were highly significant (P < .01), however the actual
54
differences were small. The average dry matter digestibility of the 
forages from the ungraded area, the cage area, and the grazed areas 
were 59.3 percent, 59,9 percent, and 60,6 percent, respectively.
The percent cellulose digestibility of Coastal bermudagrass,
66.8 percent was significantly higher (P C  .01) than the cellulose 
digestibility of bahiagrass 59.7 percent, and dallisgrass, 59.3 percent. 
If cellulose digestibility is considered as an estimate of forage 
quality then these data indicate that Coastal bermudagrass produced a 
higher quality forage than either dallisgrass or bahiagrass. The high 
cellulose digestibility for all grasses was probably due to the short 
growing period, 28 days, allowed the grasses before they were mowed. 
Because of the short growth periods the forage consisted largely of 
young active growing tissue in which the cellulose remained highly 
digestible.
Animal Performance
Average daily gain in weight of steers grazing dallisgrass, 
bahiagrass, and Coastal bermudagrass pastures are shown in Table XI.
The total gain of the 30 steers in 1969 was 1,865.4 Kg. which 
was significantly higher (P «C .05) than the 1,231.2 Kg. gained by the 
steers in 1968. The reason for this large difference in weight gain 
was not readily apparent. Estimated consumption for the two years was 
not significantly different. However, in-vitro digestibility was higher 
in 1969 than in 1968 suggesting that better quality forage was available 
in 1969, which may account for part of the difference in weight gain
TABLE XI
AVERAGE DAILY GAIN IN WEIGHT (Kg.) OF STEERS DURING 












April, 29 0.77 0.85 0.80 0.81 0.72 0.65
May, 27 0.27 0.35 0.11 0.27 0.05 0.03
June, 24 0.01 0.36 0.10 0.25 -0.14 0.16
July, 23 0.04 0.00 0.08 0.50 0.04 • 0.53
August, 19 0.15 0.49 0.22 0.15 0.38 0.31
September, 16 0.56 0.36 0.30 0.31 0.20 0.34
Average 0.30 0.40 0.27 0.38 0.23 0.34
LnUi
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between years. The 1968 steers may have differed from the 1969 steers 
in their ability to gain weight, and to a certain extent, a more 
constant supply of salt and minerals provided in each grazing plot, 
may be cited as additional reasons to explain the difference in gain 
obtained in 1968 and 1969. The differences in weight gain between 
steers grazing different grasses were not significant, although very 
close to the probability level of .05. Dallisgrass produced the 
largest daily gain in both 1968 and 1969, 0.30 Kg. and 0.40 Kg., 
respectively. Bahiagrass gave intermediate weight gains, 0.27 Kg, 
in 1968, and 0.38 Kg. in 1969. Coastal bermudagrass gave the lowest 
daily gain in both years, 0.23 Kg. in 1968, and 0.34 Kg. in 1969. 
Dallisgrass had the highest protein content and the lowest fiber 
content which may partially explain the better gain obtained from this 
grass. The difference in average daily gain for the different periods 
during the growing season are readily apparent from the data presented 
in Table XX. The lower gains made during the middle of the summer 
are probably due to heat stress on the steers and also, to a drop in 
forage quality. Consumption was probably also lower due to heat stress, 
although the estimates of consumption do not accurately indicate that 
the consumption was lower during the period of lower gains.
Under the conditions of this experiment the steers had a surplus 
of reasonably high quality forage, therefore, the average daily gain 
made by the steers should represent close to the maximum daily gain 
that can be obtained from grazing dallisgrass, bahiagrass and Coastal
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bermudagrass in Southwest Louisiana.
In-vivo Digestibility Determinations
The main purpose of this part of the study was to determine and 
compare fresh cut forage digestibility in-vivo by the total collection 
technique, to forage quality determined by the chemical analysis and 
the in-vitro digestion technique.
Results from two total collection trials (June and September) 
are presented in Table XII. The chemical analysis and the in-vitro 
digestion determinations performed on forage samples from the in-vivo 
digestion study are given in Table XIII,
The average in-vivo digestibility (Table XII) of dallisgrass was
69.3 percent, bahiagrass 65.6 percent and Coastal bermudagrass 60.4 per­
cent. Dallisgrass which had the highest digestibility also had the 
highest daily gain in the grazing trial, and Coastal bermudagrass which 
had the lowest digestibility in the in-vivo trials also had the lowest 
daily gain in the grazing trial. These results indicate that the 
in-vivo determinations were closely related to actual animal performance. 
Since the in-vitro digestibility determinations were not related to 
animal gain or to in-vivo digestibility it appears that the in-vitro 
digestion method was not a valid measure of forage quality for the 
species studied, at least under the conditions of this experiment.
Correlation coefficients between in-vivo dry matter intake and 
digestibility, chemical analysis, and in-vitro digestibility determina­
tions are presented in Table XIV.
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TABLE XII
AVERAGE DAILY INTAKE AND DRY MATTER DIGESTIBILITY DETERMINED 
FROM 5 DAY TOTAL COLLECTION TRIALS IN JUNE AND SEPTEMBER, 1969










































CHEMICAL COMPOSITION AND IN-VITRO DIGESTIBILITIES OF DALLISGRASS (D), 
BAHIAGRASS (B), AND COASTAL BERMUDAGRASS (C.B.) USED IN IN-VIVO TRIALS
Mean % % % % % % Cal./gr. % 7. %
Values C. Protein C.Fiber Ash. N.F.E. A.D.F. Lignin Energy C.C. D.M.D. C.D.
Trial I 10.13 26.37 7.30 43.10 35.57 6.74 3.85 28.17 60.82 67.44
Trial II 12.80 28.60 8.70 41.73 , 37.60 5.40 4.08 30.51 66.66 74.28
Grasses
D 12,20 26.45 10.10 40.00 38.18 6.56 3.96 28.41 57.36 66.77
B 11.35 27.70 7.20 43.35 37.48 5.68 3.91 30.60 74.23 IB.12
C.B. 10.85 28.30 6.70 43.90 34.10 5.96 4.03 29.00 59.63 67.07
Trial I
D 11.60 24.90 9.40 40.40 37.72 7.48 3.96 26.43 55.95 65.05
B 9.40 28.30 6.30 43.50 38.14 6.71 3.71 31.47 72.16 75.23
C.B. 9.40 25.90 6.20 45.40 30.85 6.03 3.89 26.60 54.34 62.03
Trial II
D 12.80 27.99 10.80 39.60 38.64 5.65 3.97 30.39 58.76 68.49
B 13.30 27.10 8.10 43.20 36.82 4.65 4.11 29.73 76.30 82.22
C.B. 12.30 30.70 7.20 42.40 37.35 5.90 4.17 31.40 64.91 72.11
N.F.E.: Nitrogen free extract C.C.: Cellulose content C.D.: Cellulose digestibility
A.D.F.: Acid detergent fiber D.M.D.: Dry matter digestibility
TABLE XXV
CORRELATION ANALYSIS OF SEVERAL ESTIMATES OF FORAGE NUTRITIVE VALUE
Gr. %  % % Cal/gr. % % % % % % %
Feces Dig. ADF Lignin Energy Prot. Fiber Ash NFE DMD C.C. C.D. Means STD.
Intake 0.71** 0.30 -0.85** -0.43 0.33 0.21 -0.29 -0.11 0.07 0.55 0.46 -0.20 9391.49 365.23
% Dig. -0.16 0.41 -0.13 0.85** -0.61* 0.64* 0.65*-0.31 -0.68* 0.35 65.08 6.16
% ADF 0.58*-0.54 0.03 -0.06 0.36 -0.06 0.32 0.04 0.18 43.27 4.16
% Lignin -0.07 0.37 -0.08 0.40 -0.48 0.20 -0.30 0.63* 14.94 1.21
Energy -0.31 0.40 -0.70* 0.30 0.02 0.14 0.02 4.18 0.15
7a Prot. -0.85** 0.79* -0.57 -0.32 -0.78** 0.12 11.67 1.40
7a Fiber -0.64* 0.14 0.56 0.87** 0.30 23.08 2.37
% Ash 0.75*-0.03 -0.48 0.33 12.26 2.00
% NFE -0.26 0.12 -0.71** 40.96 2.95
7a DMD 0.66* 0.34 62.34 19.10
% C.C. 0.09 44.42 19.42
7a C.D. 58.83 27.75
* (P .05)
**(P .01)
STD = Standard deviation
ata
The correlation between the in-vivo dry matter digestibility 
and the in-vitro dry matter digestibility was not significant. No 
significant correlations were obtained between in-vitro digestibility 
and crude fiber or crude protein. However, a highly significant posi­
tive correlation (r=0.85) was obtained between crude protein and in-vivo 
digestibility, and a significant negative correlation (r=-0.61) was 
obtained between crude fiber and in-vivo dry matter digestibility.
In general, these findings agree with the results of the previous 
grazing study in which the chemical determinations of crude protein and 
crude fiber appeared to be better measures of forage quality than the 
in-vitro digestion results. The variability of the in-vitro technique 
has been recognized by several authors. Barnes (1967) indicated that 
the length of fermentation period was one of the main factors associated 
with variation in in-vitro results. Bezeau (1965) studied the importance 
of the ration fed the rumen fluid donor animal for in-vitro forage 
evaluation. He obtained a highly significant difference (P <  .01) 
between two donor animals of different breed and age. Bowden and 
Church (1962) found considerable difference in the digesting capacity 
of the rumen liquor from the same steers on different days. Garcia 
(1969) evaluated the in-vitro technique in predicting the nutritive 
value of forages. He concluded that this technique was not sufficiently 
related to nutritive value of forages to be considered as a useful 
predictor. During the laboratory analyses of the present study, it 
was observed that when distilled water, was substituted for rumen
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fluid during a normal trial, almost 50 percent of the dry matter 
disappeared after filtering, which indicated that no bacterial action 
was needed to obtain considerable in-vitro dry matter digestion.
Emphasis should be placed on controlling variation due to rumen liquor 
and to include a standard of known digestibility to adjust the results.
In addition, other correlations were calculated (Table XIV). 
Intake was not significantly related to in-vivo digestibility. How­
ever, a highly significant negative correlation, (r=-85) was obtained 
between intake and acid detergent fiber. This may indicate that even 
though intake is not related to overall dry matter digestibility, it 
is negatively affected by certain undigestible portions of the plant 
such as the acid detergent fiber fraction.
Cellulose content was highly correlated (r=0.87) with crude 
fiber. This correlation indicates that the cellulose content accounted 
for most of the crude fiber fraction of the grasses. This fact was 
particularly true under the conditions of this study, where grass 
samples collected had a maximum growing period of 28 days between 
harvest dates.
Ash content was significantly correlated (r=0.75) with the nitro­
gen free extract fraction. This may be explained based on the definite 
roll played by minerals, particularly phosphorus, in the energy trans­
port system of the plant and the subsequent synthesis and breakdown of 
carbohydrates (Hughes, et.al., 1966).
Dry matter intake and dry matter digestibility were significantly 
higher (P <  .01) in June than in September (Table XII). The dry matter
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digestibility of dallisgrass, 69.3 percent was significantly higher 
(P < .01) than the digestibility of bahiagrass, 65.6 percent and 
Coastal bermudagrass, 60.4 percent. Interaction between grasses and 
trials was found to be highly significant (P <.01) for both intake 
and dry matter digestibility. Dallisgrass intake was slightly higher 
(1.8 Kg.) in June than in September (1.4 Kg.). However, its digestibi­
lity was slightly higher in September (70.2 percent) than in June 
(68.3 percent). Bahiagrass had similar intake and similar digestibility 
in both trials, while Coastal bermudagrass sharply declined in both 
intake and digestibility in September. These data (Table XII) suggest; 
that the amount of forage consumed in dallisgrass and bahiagrass had 
no effect upon digestibility. However, in Coastal bermudagrass a drop 
in consumption was directly related to a drop in digestibility. These 
findings may be explained based on Van Soest (1965) work. This author 
indicates that in forages with a low cell wall content, intake and 
digestibility are not related, because the total fibrous fractions may 
be as digestible as other fractions. However, as forage matures intake 
and digestibility become more closely related.
The digestion coefficients of the in-vivo dry matter and its 
different chemical components are presented in Table XV. Digestibility 
coefficients of crude fiber increased in dallisgrass and bahiagrass in 
September. However, the crude fiber digestibility of Coastal bermuda­
grass sharply decreased in the same period. The digestion coefficients 
of the acid detergent fiber in dallisgrass and bahiagrass was maintained 
around 60.0 percent in both periods. However, acid detergent fiber
TABLE XV




























June, 16 - 20
Dallisgrass 70.62 65.24 68.72 71.51 71.35 61.06 27.63 64.22 67.93 59.79
Bahiagrass 65.25 59.34 57.88 66.48 67.37 60.18 20.78 62.05 61.07 57.03
C. Bermudagrass 68.14 58.95 74.98 65.75 71.00 58.41 24.66 59.35 64.74 60.96
September, 9 - 1 3
Dallisgrass 70.24 70.28 53.23 76.66 70.39 63.75 6.39 62.17 68.97 60.90
Bahiagrass 65.88 68.12 55.41 75.29 65.09 59.86 -4.32 67.79 65.78 60.14




digestibility of Coastal bermudagrass sharply decreased from June 
(58.4 percent) to September (41.8 percent). Acid detergent lignin 
values for the June period were similar (25.0 percent) for all grasses 
which indicates that some digestion of lignin should be expected* 
particularly in periods of active growth. The September period pre­
sented a completely different pattern, lignin digestibility of dallis­
grass was reduced considerably, from 27.6 percent in June to 6.39 per­
cent in September, and the lignin fractions of bahiagrass and Coastal 
bermudagrass were completely undigested in the September trial, -4.32 
percent and -4.50 percent, respectively. Partial digestion of the 
lignin fraction has been reported by Elam and Davis (1960) and Tomblin, 
Johnson and Dehority (1965). The decrease in lignin digestibility 
indicated a decrease in quality of the grasses in September.
A close relationship between energy digestibility and total 
digestible nutrients (TDN) was observed (Table XV) for dallisgrass which 
maintained a similar difference between these fractions in the two 
periods, 67.9 percent and 59.79 percent in June, and 68.9 percent and
60.9 percent in September, respectively. Bahiagrass followed a pattern 
similar to dallisgrass, although the magnitude of the difference 
between the digestible energy and the TDN fractions was larger than in 
dallisgrass. Digestible energy and TDN values for Coastal bermudagrass 
tended to decrease in September which suggests that near the end of 
the summer Coastal bemiudagrass rapidly losses its nutritive value.
CHAPTER V
SUMMARY
The objectives of this study were both to evaluate different 
techniques in measuring pasture productivity, and to determine forage 
yield and quality and animal productivity from dallisgrass, bahiagrass 
and Coastal bermudagrass in Southwest Louisiana.
Coastal bermudagrass and bahiagrass produced significantly 
higher yields than dallisgrass in 1968 and 1969.
No significant differences were obtained in forage consumed in 
different years, on different dates, or from different grass species. 
However the average of the estimates of consumption appeared to be 
satisfactory for estimating average daily intake of the grazing steers. 
Estimates of consumption showed considerable variability apparently 
due to the irregular grazing pressure within the plots brought about by 
selective grazing. Available forage was always consistently in excess 
of forage consumed which may explain why no significant differences 
in forage consumption between grasses, between years or between grazing 
periods were obtained. The variability among estimates of consumption 
suggests that a greater number of replications or other refinement in 
technique may be necessary to get a better estimate of actual consump­
tion by the cage-difference technique.
The crude protein content of dallisgrass was significantly 
higher than the protein content of bahiagrass and Coastal bermudagrass,
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and the crude fiber of bahiagrass and Coastal bermudagrass was signifi­
cantly higher than the crude fiber of dallisgrass. These results would 
suggest that dallisgrass produced a significantly higher quality forage 
than bahiagrass or Coastal bermudagrass. Crude protein and crude fiber 
were not significantly different between years.
Average ash content of dallisgrass was significantly higher than 
the ash content of Coastal bermudagrass and bahiagrass. Since the 
greater proportion of ash is obtained from the cell content fraction 
rather than the cell wall fraction, the higher ash content of dallis­
grass suggests that dallisgrass forage contained a higher proportion 
of cell contents than bahiagrass or Coastal bermudagrass.
The in-vitro dry matter digestibility of the forages was signi­
ficantly higher in 1969 than in 1968. Part of the variation between 
year could probably be attributed to variation in the in-vitro tech­
nique rather than to a real difference between years. The rumen 
inoculum was collected at different times and seasons from fistulated 
steers, therefore, changes in botanical and chemical composition of 
the forage consumed by these steers could induce changes in the 
digesting power of the rumen liquor used in the in-vitro determinations. 
These results suggest that there is a need for a method of standarizing 
in-vitro digestion trials.
The high cellulose digestibility for all grasses suggested that 
during short growing periods, these grasses consisted largely of young 
active growing tissue in which cellulose remained highly digestible.
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Daily gains of the steers were significantly higher in 1969 
than in 1968. These differences in weight gain may have been due to a 
difference in the ability to gain weight of the 1968 and 1969 steers, 
or possibly due to a slightly better forage quality in 1969. Dallis­
grass produced the largest daily gain in both years. Bahiagrass gave 
intermediate weight gains and Coastal bermudagrass produced the lowest 
daily gain in 1968 and 1969. Dallisgrass had the highest protein 
content and the lowest fiber content which may partially explain the 
better gain obtained from this grass. Experimental animals were 
provided with a surplus of reasonably high quality forage, therefore, 
the average daily gains obtained should represent close to the maximum 
daily gain that can be obtained from grazing dallisgrass, bahiagrass 
and Coastal bermudagrass in Southwest Louisiana.
The digestibility of fresh cut forage determined in-vivo by 
the total collection technique was compared to forage quality determined 
by chemical analysis and by in-vitro digestion technique. The correla­
tion between the in-vivo dry matter digestibility and the in-vitro dry 
matter digestibility of the same forage was not significant. No 
significant correlation was obtained between in-vitro digestibility 
and crude fiber. However a highly significant positive correlation 
was obtained between crude protein and in-vivo digestibility and a 
significant negative correlation was obtained between crude fiber and 
in-vivo dry matter digestibility. These results agree with the results 
of the grazing study in which the in-vitro digestion determinations
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did not appear to be related to animal performance. Since the in-vitro 
digestion determinations were not related to animal gain or to in-vivo 
digestibility, it appears that the in-vitro digestion technique must 
be further improved and refined before it can be used as a reliable 
method of determining forage quality.
The significant correlations between crude protein and crude 
fiber and in-vivo dry matter digestibility indicated, for the species 
used in this study, that chemical determinations of protein and fiber 
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ANALYSIS OF VARIANCE FOR THE 2x3x12x2 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
DRY MATTER YIELD PER HECTARE OF DALLISGRASS, BAHIAGRASS, 
AND COASTAL BERMUDAGRASS








Year 1 13,793.91 4.79*
Grass ? 174,154.00 60.42*
Date 11 48,628.52 16.87*
Type 1 507,358.81 176.03*
Year x Grass 2 15,753.06 5.46*
Year x Date 11 41,284.02 14.32*
Year x Type 1 1,368.53 1
Grass x Date 22 30,125.20 10.45*
Grass x Type 2 5,975.64 2.07
Date x Type 11 3, 075.64 1.07
Year x Grass x Date 22 17,312.73 6.01*
Year x Grass x Type 2 1,126.20 C l
Year x Date x Type 11 2,211.94 +  1
Grass x Date x Type 22 2,158.92 <1
Year x Grass x Date x Type 22 4,452.53 1.54
Sampling Error 283 2,882.15




ANALYSIS OF VARIANCE FOR THE 2x3x12 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
DRY MATTER CONSUMED PER HECTARE OF DALLISGRASS, BAHIAGRASS AND
COASTAL BERMUDAGRASS




Year 1 1,499.95 < 1
Grass 2 5,067.41 <1
Date 11 11,169.90 1,48
Year x Grass 2 26,744.88 3.55*
Year x Date 11 19,193.41 2.55**
Grasses x Date 22 11,013.17 1.46
Year x Grass x Date 22 10,606.66 1.41





ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
CRUDE PROTEIN (CP%), OF DALLISGRASS, BAHIAGRASS AND 
COASTAL BERMUDAGRASS







Year 1 1.76 <1
Grass 2 43.12 21.34**
Date 11 33.86 16.76**
Type 2 56.04 27.74**
Year x Grass 2 7.88 3.90*
Year x Date 11 27.63 13.68**
Year x Type 2 0.22 <1
Grass x Date 22 4.66 2.30**
Grass x Type 4 3.38 1.67
Date x Type 22 2.51 1.24
Pooled higher
interactions (Error) 135 2.02






ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
CRUDE FIBER (C.F.%) OF DALLISGRASS, BAHIAGRASS, AND 
COASTAL BERMUDAGRASS







Year 1 5.77 2.48
Grass 2 63.09 27.18*
Date 11 37.08 15.98*
Type 2 38.78 16.71*
Year x Grass 2 17.38 7.49*
Year x Date 11 15.36 6.62*
Year x Type 2 0.88 <1
Grass x Date 22 10.05 4.33*
Grass x Type 4 1.35 <1
Date x Type 22 3.34 1.44
Pooled higher
interactions (Error) 135 2.32




ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN COMPLETELY RANDOMIZED DESIGN ANALYZING 
NITROGEN FREE EXTRACT (NFE%) OF DALLISGRASS, BAHIAGRASS AND
COASTAL BERMUDAGRASS







Year 1 48.54 7.91**
Grass 2 58.07 9.46**
Date 11 36.29 5.91**
Type 2 93.64 15.26**
Year x Grass 2 20.09 3.27*
Year x Date 11 26.04 4.24**
Year x Type 2 0.31 < 1
Grass x Date 22 5.27 4 1
Grass x Type 4 8.66 1.41
Date x Type 22 7.95 1.29
Pooled higher 
interactions (Error) 135 6.14
(1) 1 missing observation
*P < .05 
**P <  .01
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TABLE VI
ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
CALCIUM (Ca%) AND PHOSPHORUS (P%) CONTENT OF DALLISGRASS, 
BAHIAGRASS AND COASTAL BERMUDAGRASS
Source of d.f. Mean F
Variation Square Value




1 0.0005 0.0031 1 2.58
Grass 2 0.1183 0.0220 35.85** 18.33**
Date 11 0.0095 0.0188 2.88** 15.75**
Type 2 0.0079 0,0081 2.42 6.75**
Year x Grass 2 0.0958 0.0019 29.09** 1.66
Year x Date 11 0.0239 0.0038 7.27** 3.16**
Year x Type 2 0.0030 0.0006 1 <1
Grass x Date 22 0.0082 0.0008 2.48** <1
Grass x Type 4 0.0058 0.0005 1.76 <1
Date x Type 22 0.0029 0.0016 1 1.33
Pooled higher 
interaction (Error) 135 0.0033 0.0012
(1) 1 missing observation
**P < . 0 1
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TABLE VII
ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
IN VITRO DRY MATTER DIGESTIBILITY (DmD) OF DALLISGRASS 
BAHIAGRASS AND COASTAL BERMUDAGRASS






In-vitro Dry matter digestibility (7i)
(1) Total 428
Year 1 6,806.40 5,166.93*
Grass 2 2,675.64 2,031.15*
Date 11 462.93 351.43*
Type 2 61.46 46.66*
Year x Grass 2 2,040.10 1,548.70*
Year x Date 11 52.30 39.70*
Year x Type 2 74.54 56.58*
Grass x Date 22 81.51 61.88*
Grass x Type 4 14.21 10.79*
Date x Type 22 37.41 28.40*
Year x Grass x Date 22 81.86 62.14*
Year x Grass x Type 4 43.90 33.32*
Year x Date x Type 22 40.83 30.99*
Grass x Date x Type 44 49.23 37.37*
Year x Grass x Date x Type 44 35.85 27.21*
Sampling Error 215 1.32




ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
IN VITRO CELLULOSE DIGESTIBILITY (C.D.) OF DALLISGRASS, 
BAHIAGRASS AND COASTAL BERMUDAGRASS






In-vitro cellulose digestibility (%)
(1) Total 428
Year 1 6,876.04 1,377.19*
Grass 2 2,558.68 512.47*
Date 11 618.71 123.92*
Type 2 125.52 25.14*
Year x Grass 2 1,631.75 326.82*
Year x Date 11 111.91 22.41*
Year x Type 2 119.64 23.96*
Grass x Date 22 74.79 14.98*
Grass x Type 4 39.37 7.88*
Date x Type 22 69.15 13.85*
Year x Grass x Date 22 106.30 21.29*
Year x Grass x Type 4 104.52 20.93*
Year x Date x Type 22 49.51 9.92*
Grass x Date x Type 44 89.79 17.98*
Year x Grass x Date x Type 44 72.15 14.45*
Sampling Error 215 4.99




ANALYSIS OF VARIANCE FOR THE 2x3x12x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
CELLULOSE CONTENT (C.C.) OF BALLISGRASS, BAHIAGRASS 
AND COASTAL BERMUDAGRASS







Cellulose contend (%) 
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Year 1 1,092.33 273.40*
Grass 2 58.95 14.75*
Date 11 77.08 19.29*
Type 2 127.70 31.96*
Year x Grass 2 109.82 27.49*
Year x Date 11 14.65 3.67*
Year x Type 2 0.87 < 1
Grass x Date 22 20.33 5.09*
Grass x Type 4 7.46 1.87
Date x Type 22 9.23 2.31*
Year x Grass x Date 22 14.56 3.64*
Year x Grass x Type 2 26.77 6.70*
Year x Date x Type 22 18.75 4.69*
Grass x Date x Type 44 14.59 3.65*












ANALYSIS OF VARIANCE OF A SPLIT-PLOT ARRANGEMENT OF TREATMENTS 
ANALYZING THE PERFORMANCE OF GRAZING ANIMALS ON 
BALLISGRASS, BAHIAGRASS AND COASTAL BERMUDAGRASS
Source of Mean Square F Value
Variation d. f. T.G. D.G. T.G. D. G.
Total 59
Years 1 6,703.49 0.14 37.73** 7.00*
Error (a) 18 177.68 0.02
Grasses 2 713.53 0.04 2.88 2.50
Year x Grasses 2 41.20 0.007 <1 < 1




ANALYSIS OF VARIANCE FOR THE 2x3 FACTORIAL ARRANGEMENT OF TREATMENTS
IN A COMPLETELY RANDOMIZED DESIGN ANALYZING THE CHEMICAL COMPONENTS 
OF DALLISGRASS, BAHIAGRASS AND COASTAL BERMUDAGRASS
Source of Mean Squares




1 0.48 1.76 1.69 37.10** 64.73** 0.04 0.002
Grasses 2 4.74* 11.62** 17.32** 27.16** 34.43** 2.91 0.06**
Trials x Grass 2 4.46* 15.14** 2.52* 0.38 21.21* 1.44 0.02**
Sampling Error 6 0.44 1.05 0.46 0.55 2.34 1.23 0.01
*P < .05




ANALYSIS OF VARIANCE FOR THE 2x3 FACTORIAL ARRANGEMENT 
OF TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING 
IN VITRO DRY MATTER DIGESTIBILITY (D.M.D.), CELLULOSE DIGESTIBILITY 
(C.D.), AND CELLULOSE CONTENT (C.C.) OF DALLISGRASS, BAHIAGRASS
AND COASTAL BERMUDAGRASS
Source of Mean Squares





















12. 66**  
0.46
*P <.05
**P <  .01
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TABLE XIII
ANALYSIS OF VARIANCE FOR THE 2x3 FACTORIAL ARRANGEMENT OF 
TREATMENTS IN A COMPLETELY RANDOMIZED DESIGN ANALYZING FORAGE 
INTAKE (F.I.) AND PERCENT IN-VIVO DIGESTIBILITY (% DMD) OF 
DALLISGRASS, BAHIAGRASS AND COASTAL BERMUDAGRASS
Source of Mean Squares F Values
Variation d. f. F.I. % D.M.D. F.I. % D.M.D.
Total 11
Trials 1 9,717,834.00 55.13 369.33** 21.28**
Grasses 2 6,582,828.00 78.91 250.18** 30.47**
Trials x
Grasses 2 6,820,867.00 94.26 259.23** 36.39**
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